Seven consecutive patients with multiple sclerosis and trigeminal neuralgia were investigated with MRI to determine the occurrence of a lesion which would account for the patients' pain. Two patients had bilateral symptoms. In the patients with unilateral trigeminal neuralgia vascular compression of the nerve by an artery at the root entry zone on the symptomatic side was confirmed in three patients and an epidermoid tumour distorting the nerve on the symptomatic side was identified in one patient. A demyelinating plaque was identified in only one patient, affecting the trigeminal nerve at the root entry zone at the pons. In those with bilateral symptoms neurovascular compression was identified on both sides in one patient and on one side only in the remanng patient. Microvascular decompression cured the pain in two patients with neurovascular compression. The variable aetiology of trigeminal neuralgia is stressed even in patients with coexistent neurological conditions such as multiple sclerosis, which can cause trigeminal neuralgia independent of other causes. (7 Neurol Neurosurg Psychiatry 1995;59:253-259) 
The aetiology of trigeminal neuralgia is multifactorial, but it is becoming increasingly recognised that most so called "idiopathic" cases are due to vascular compression of the nerve by a looping blood vessel where the nerve enters the pons.l4 About 1-2% are caused by demyelinating plaques of multiple sclerosis affecting the trigeminal pathway and the results of many postmortem examinations support this notion.5-8 About 10% of cases are due to cerebellopontine masses compressing or invading the nerve. 9 We emphasise that trigeminal neuralgia in patients with multiple sclerosis must not be attributed solely to demyelination, without exclusion of other causes such as vascular compression or tumours.
Patients and methods Seven consecutive patients with both multiple sclerosis and trigeminal neuralgia were investigated by MRI. Two patients had bilateral trigeminal neuralgia. All images were obtained on a Siemens Magnetom 1-5 Tesla MR scanner. All patients had a sagittal TI weighted localiser (TR/TE 500/15 ms). Conventional T2 weighted and proton density weighted images (TR/TE 2,000/80/20 ms) or fast spin echo T2 weighted images (TRITE 3800/93 ms) were obtained in four patients. Magnetic resonance tomoangiograms (MRTAs) of the intracranial vasculature were obtained by a three dimensional fast inflow with steady state precession sequence, which is routinely employed for depiction of the intracranial vasculature at our institution. Images were acquired axially over the pons. Scanning parameters were TR 29-36 ms, TE 7 ms, flip angle 150, 64 partitions, 55 mm slab, 22 cm field of view. This technique yielded 64 slices each of 0 9 mm thick. Operator defined reconstructions centred around the trigeminal nerves were performed to determine the presence or absence of vascular compression. So as not to confuse this technique with MR angiography, which provides information about the vessels only, the term magnetic resonance tomoangiography has been used.'0 Case reports PATIENT 1 A 40 year old woman presented with a one year history of second division trigeminal neuralgia on the right side. She had had a series of attacks 19 years earlier, which had responded to carbamazepine. Five years previously an episode of optic neuritis led to a diagnosis of multiple sclerosis. A conventional MRI showed several areas of increased signal consistent with multiple sclerosis.
Carbamazepine (600 mg daily) initially controlled the pain but one year after the onset of symptoms she was taking 1400 mg carbamazepine and 0 5 mg clonazepam daily. A glycerol trigeminal ganglion block gave only limited relief, and so a trial of dorsal column stimulation was performed. High cervical stimulation gave complete pain relief for three hours after stimulation was stopped. Permanent dorsal column stimulation was planned.
An MRTA clearly showed compression of the right trigeminal nerve at the root entry zone by the superior cerebellar artery (fig IA,  B) This finding prompted microvascular decompression of her right trigeminal nerve (rather than implantation of a permanent dor- sal column stimulator), which completely cured her neuralgia. PATIENT 2 A 54 year old woman presented with a seven year history of left second division trigeminal neuralgia. She had multiple sclerosis manifested as optic atrophy and ataxic spastic quadriparesis for 12 years. Carbamazepine was effective in relieving trigeminal neuralgia but exacerbated her multiple sclerosis symptoms to such a degree that she became confined to a wheelchair on high doses. She took 800 mg carbamazepine daily increasing to 1600 mg during exacerbations. A posterior fossa trigeminal nerve rhizotomy had previously been planned but was cancelled due to the severity of her multiple sclerosis. A radiofrequency lesion of the second division gave three months of complete relief, and partial relief for a further six months. She is currently well controlled on 800 mg of carbamazepine daily.
An MRTA showed no evidence of vascular contact with the nerve. Conventional T2W and proton density MRI showed multiple areas of increased signal intensity consistent with multiple sclerosis, and a large discrete plaque affecting the pons at the level of the trigeminal nerve on the symptomatic side (fig 2) . PATIENT 
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After 25 years of multiple sclerosis, a 54 year old man had no movement below the neck and a bulbar palsy. He had left third division trigeminal neuralgia for six years and was taking 800 mg of carbamazepine daily, which gave only limited pain relief.
An MRTA disclosed a single artery compressing and displacing his left trigeminal nerve at the root entry zone. Unfortunately his condition was so severe that surgery was not offered. Radiofrequency nerve destruction was not performed because of his inability to communicate, which would have made it impossible for the operator to assess the needle position during sensory testing. Reasonable pain relief was achieved by injection of absolute alcohol into the trigeminal ganglion. PATIENT 
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A 60 year old woman had multiple sclerosis for 20 years and was wheelchair bound due to lower limb weakness. Two years previously she had developed severe shooting pains in the second division of her left trigeminal nerve. Initially attacks lasted 20 Eight years ago he developed right second division trigeminal neuralgia. To limit the extent of nerve destruction, the infraorbital nerve was exposed and frozen with a cryoprobe. This gave only six months of relief. Over the next six years he underwent four radiofrequency lesions of the right trigeminal nerve. Although the first lesion gave two years of relief, subsequent lesions had a shorter duration of action until the final lesion had no effect. He was now anaesthetic in all three divisions of the left trigeminal nerve, anaesthetic in the second division, and hypoaesthetic in the first division of the right trigeminal nerve. Carbamazepine (600 mg daily) gave only limited relief but worsened his multiple sclerosis symptoms such that he could no longer feed himself and his speech became incomprehensible.
An MRTA showed vascular compression and distortion of the right trigeminal nerve between the superior cerebellar artery above and a further small artery below (fig 4A, B) . Vascular compression on the left side by a single vessel was also noted.
The pain of his trigeminal neuralgia was now intolerable, carbamazepine was not tolerated, and radiofrequency lesions were ineffective. Despite the severity of his multiple sclerosis the patient and his family considered that the risks of surgery were justified. After successful microvascular decompression of the right trigeminal nerve he was completely free of pain. Unfortunately, he subsequently developed a chest infection from which he died five days later.
At postmortem, multiple, sclerotic, translucent plaques were seen throughout the white matter of the cerebral hemispheres, the cerebellum, pons, medulla, and spinal cord. Serial sections through the pons showed typical demyelinating plaques in the root entry zones of both trigeminal nerves, most pronounced on the right side. On the left there was also considerable axonal loss with secondary demyelination along the whole length of the trigeminal nerve tract, assumed to be due to radiofrequency thermocoagulation of preganglionic nerves 10 years earlier. PATIENT 6 A 44 year old woman had multiple sclerosis for 25 years, manifested as optic neuritis on several occasions and persistent spastic paraparesis of the lower limbs. Three years ago, she had been referred by her dentist who had been unable to cure a right sided mandibular pain with tooth extractions. She gave a clear history of third division trigeminal neuralgia and gained good pain relief with carbamazepine (1600 mg daily). This dose made her dizzy and sedated, however. Radiofrequency lesioning gave complete relief from pain and numbness in the third division. She was then able to discontinue carbamazepine. Two years later she developed symptoms of trigeminal neuralgia in the mandibular division of her left trigeminal nerve. A combination of carbamazepine (2400 mg daily) with amitriptyline, desipramine, and clonazepam was only partially effective.
An MRTA showed vascular compression of the right trigeminal nerve by an ectatic artery, but no evidence of compression on the left side. The patient was reluctant to undergo surgery. A diagnostic trigeminal ganglion block with 1 5 ml of 1% lignocaine resulted in 48 hours of total pain relief. As she remained anaesthetic in the third division on the right it was considered that radiofrequency ablation of the left trigeminal nerve carried too great a risk of bilateral sensory and motor dysfunction. Her pain was therefore treated by injecting 0 5 ml of glycerol into the right Meckel's cave which resulted in complete anaesthesia of her face on the symptomatic side. She has been able to stop all medication except carbamazepine at a daily dose of 200 mg. Microvascular decompression will be carried out if her symptoms recur. PATIENT between the superior cerebellar artery above and a small vessel below. At present the pain is fairly well controlled with a combination of ketoprofen and paracetamol. Surgery is not planned unless oral medication and anaesthetic blocks cease to be effective.
Discussion
Conventional opinion is that trigeminal neuralgia in patients with multiple sclerosis is due to a demyelinating plaque affecting the trigeminal nociceptive pathway.5-8 11 In this small series of nine instances of trigeminal neuralgia (seven patients; two bilateral) associated with multiple sclerosis, a potentially treatable cause was discovered in seven instances. In only one case of unilateral trigeminal neuralgia was demyelination shown to affect the trigeminal nerve root entry zone on the symptomatic side. In four other patients with unilateral trigeminal neuralgia, vascular compression of the nerve was present in three instances, and an epidermoid tumour in one. In two patients with bilateral trigeminal neuralgia, vascular compression was identified on both sides in one patient and on one side only in the other patient. In the patient with bilateral compression radiofrequency coagulation of the trigeminal root had previously effected a cure on one side.
Postmortem examination of the brain has rarely been performed in patients with trigeminal neuralgia and multiple sclerosis. In most cases reported demyelination affected the pons at the root entry zone.6 8 who experienced immediate pain relief after decompression of the right trigeminal nerve, which was sandwiched between two vessels.
The concept of vascular compression of the nerve as a cause of trigeminal neuralgia was first proposed by Dandy,' and the technique of microvascular decompression, in which the vessel is displaced from the nerve at the root entry zone by interposition of a small nonresorbable sponge between the two structures, was popularised by Jannetta.2 The notion of neurovascular compression is a widely, but not universally accepted, cause of trigeminal neuralgia.'-Until recently, demonstration of vascular compression of the nerve was not possible by imaging means. Work at our institute and others has shown that MRTA can confirm or exclude vascular compression of the nerve root and potentially predict which patients will benefit from microvascular decompression.4 101516 In a prospective series of patients with trigeminal neuralgia and age and sex matched controls, vascular compression of the nerve was identified in 85% of symptomatic cases compared with 8% of controls. 4 In the present series, vascular compression of the nerve was seen in 66% of patients in whom trigeminal neuralgia was assumed to be due to multiple sclerosis. Whereas response to microvascular decompression remains the ultimate test of the importance of vascular compression, the high incidence of vascular compression in the present study strongly suggests a causal relation rather than a chance association of vascular compression in patients with trigeminal neuralgia associated with multiple sclerosis. The relevance of neurovascular compression in one patient with an undistorted nerve, as well as the importance of vascular compression of the nerve on the side which had been cured by a radiofrequency lesion of the trigeminal root in the patient with bilateral trigeminal neuralgia whose pain on the second side responded only to microvascular decompression, remain unproved.
The pathophysiological processes underlying trigeminal neuralgia remain an enigma. '7-20 It is known that compression, distortion, or stretching of the trigeminal nerve by a slow growing tumour, aberrant vessels, or vascular malformations, can cause typical trigeminal neuralgia. Intrinsic brain lesions such as syringobulbia, brain stem infarcts and, most commonly multiple sclerosis, may also cause trigeminal neuralgia. The most plausible hypothesis regarding pathophysiology, which explains the fact that both extrinsic and intrinsic brain lesions may produce typical trigeminal neuralgia as well as the paroxysmal nature of the pain, is that trigeminal neuralgia had a peripheral cause and a central pathogenesis. Fromm et al have postulated that chronic irritation of the peripheral nerve leads both to ectopic action potentials within the nerve and failure of segmental inhibition in the trigeminal nucleus. '7 This theory explains the origin of pain in the case of tumours and aberrant vessels compressing the nerve, when ectopic action potentials generated in the nerve would presumably be responsible, and also the cause of pain in patients with intrinsic brain lesions such as multiple sclerosis when a plaque would lead to increased activity within the trigeminal nucleus. Regardless of which of these mechanisms operates, episodic activation of the trigeminal neurons may result in paroxysms of pain whenever these bursts of activity exceed the threshold for activation of pain neurons in the trigeminothalamic tract. To satisfactorily explain the unexpectedly high incidence of vascular compression of the nerve in patients with trigeminal neuralgia and multiple sclerosis, we wish to extend this theory further. Given the occurrence of trigeminal neuralgia in about 1-2% of patients with multiple sclerosis, and that trigeminal neuralgia is encountered in only 0-01% of the general population in whom an 8% incidence of vascular contact with the nerve is expected, we postulate that vascular compression is more likely to cause trigeminal neuralgia in patients with multiple sclerosis than it is in the population without this condition, because of underlying hyperexcitability in the trigeminal nucleus. This same argument may explain the higher incidence of bilateral occurrence of trigeminal neuralgia in patients with multiple sclerosis, and perhaps also the earlier onset. It also satisfactorily explains the cause of symptoms in a patient we have recently encountered with bilateral trigeminal neuralgia associated with CharcotMarie-Tooth syndrome, in whom bilateral microvascular decompression cured the trigeminal neuralgia on both sides after failure of all other treatments. In such cases an 
